Thermodynamics of the interaction between Oleic Acid, OA, and egg lysozyme was investigated at pH 7.0 and 25 °C in phosphate buffer by isothermal titration calorimetry, ITC. The extended solvation model was used to reproduce the heats of oleic acid with lysozyme interactions. The binding parameters recovered from the extended solvation theory, attributed to the structural change of lysozyme. The binding parameters found for the interaction of oleic acid with lysozyme, indicate that at low concentrations of oleic acid, lysozyme structure was destabilized but in the higher concentrations of OA, lysozyme was partially denaturated. The negative cooperativity of lysozyme molecules for binding with OA was indicated and the OA binds preferentially to the partially unfolded intermediate forms of the lysozyme. Such effects are characteristic of nonspecific interactions. It seems that the predominant mode of this interaction was electrostatic at low OA concentration which is in agreement with the slow slope of heat changes versus OA concentration. in the high OA concentration, it is likely that a hydrophobic domain of lysozyme enables a strong hydrophobic interaction which results in a partial unfolding of lysozyme structure, in that the OA binds weakly to many different groups at the lysozyme/water interface, so that binding becomes a function of ligand concentration and accessible hydrophobic surface of the enzyme, which is increased through unfolding events. This interaction is both enthalpy and entropy-driven.
INTRODUCTION
Lysozyme also known as muramidase, which damage bacterial cell walls by catalyzing hydrolysis and is abundant in a number of secretions, such as tears, saliva, human milk, and mucus. It is also present in cytoplasmic granules of the macrophages and the polymorphonuclear neutrophils. Large amounts of lysozyme can be found in egg white [8, 14, 16] . Lysozyme is part of the innate immune system. Reduced lysozyme levels have been associated with bronchopulmonary dysplasia in newborns [9] . Children fed infant formula lacking lysozyme in their diet have three times the rate of diarrheal disease [8] .
Oleic acid is a fatty acid that occurs naturally in various animal and vegetable fats and oils.
Triglycerides of oleic acid compose the majority of olive oil, although there may be less than 2.0% [4] .
we tried to elucidate the effect of oleic acid on hen egg lysozyme stability at 25
• C, applying the extended solvation model for the isothermal titration calorimetry (ITC) data analysis.
LITERATURE REVIEW
The antibacterial property of hen egg white, due to the lysozyme it contains, was first observed by Laschtschenko in 1909, although it was not until 1922 that the name 'lysozyme' was coined,
by Alexander Fleming (1881 -1955 , the discoverer of penicillin [1, 6] .
Conformational transition of protein molecules affected by the presence of denaturing agent has been studied extensively in order to elucidate the factors responsible for thermodynamic stability of the native and denatured forms. A central problem of such studies is determination of the existence of intermediate states in the denaturation process. In order to resolve this problem it is great of interest to have a direct calorimetric determination of denaturation enthalpy.
Denaturation studies are capable of yielding information about the native state of a protein in terms of its thermodynamic stability, cooperativity, and the nature of the forces required to maintain its tertiary structure [3, [10] [11] [12] [13] [14] . The method has been applied to the reversible transition of lysozyme between native and unfolded configurations in OA at 25 • C. In this paper, the extended solvation model is employed for direct calorimetric determination of denaturation enthalpies of protein in the presence of the denaturing agent (OA).
METHODOLOGY

MATERIAL
Hen egg-white lysozyme was obtained from Sigma. OA was purchased from Merck. All other materials and reagents were of analytical grade, and solutions were made in 50 mM phosphate buffer solution using double-distilled water.
METHODS
The isothermal titration calorimetric experiments were performed with the 4-channel commercial 
RESULTS
We have shown previously that the heats of the biomolecules and ligands interactions can be reproduced by Eq. 1 in the aqueous solvent systems [10] [11] [12] [13] . 
The heats of lysozyme and OA interactions (q values, table 1) were fitted to Eq. 1 over the whole OA concentrations. In the fitting procedure the only adjustable parameter (p) was changed until the best agreement between the experimental and calculated data was approached (Fig. 1) . (Fig. 1) is striking, and gives considerable support to the use of Eq. 1. 
DISCUSSION
The slow slope in fig. 1 , shows the electrostatic interaction of OA with lysozyme native structure.
In the high OA concentration it is likely that a hydrophobic domain of lysozyme enables a strong hydrophobic interaction between lysozyme and OA, which result in a partial unfolding of lysozyme structure. The substantial consequence of the proteins instability, is the self-assembly of proteins. The tendency of proteins to aggregate strikingly increases if they are destabilized or partially unfolded. The increased exposure of hydrophobic surfaces in partially unfolded states leads to spontaneous protein aggregation. Protein destabilization can be attained using mild denaturation, such as acidic or basic pH, chemical denaturants and ligands [2, 7, 14] . OA forms a range of complexes with partially unfolded lysozyme under equilibrium destabilizing conditions as indicated by p<1 (table 2) . The application of a protein+oleic acid interactions, proved to be an efficient approach to produce such complexes, which may occur at the hydrophobic and charged surfaces in both biological systems and in vitro during the storage.
OA may induce partial unfolding of hen egg lysozyme and exposure of the hydrophobic surfaces buried in the native state; this may also be critical for OA+lysozyme complex formation. It is important to note that extensive studies have recently been conducted to characterize the conformational changes occurring at the solid hydrophobic interfaces in hen egg white lysozyme.
p<1 indicates that the egg lysozyme binding with OA is negative cooperativity. Therefore, it is worth noting that complexes of hen egg white lysozyme with OA were produced under the experimental conditions, but easily lost OA. OA within the OA+lysozyme complex, has been 29 weakly bound with partially unfolded states of lysozyme, as evident from the negative cooperativity.
The interaction is both enthalpy and entropy-driven but electrostatic interactions are more important (evidenced by negative enthalpy) than hydrophobic forces (table 2) . The results indicate that the observed changes in the OA+lysozyme system occur with partial leakage. All this is taken to suggest that the interaction between lysozyme and OA is of quite specific nature, and certainly not just due to electrostatic interactions.
A range of various protein oligomeric complexes can induce cytotoxicity, even though their structural properties differ from each other, and the OA+lysozyme complexes may have cytotoxic effects, as a result of lysozyme interaction with OA. OA+Lysozyme cytotoxicity depends on the OA concentration. at high OA concentration, this complex was more toxic than low OA concentration. The fact that OA may induce partial unfolding of hen egg lysozyme, confirms this hypothesis. Our findings confirm that partially denaturation of lysozyme by oleic acid, inducing the cytotoxicity of OA+lysozyme.
CONCLUSIONS
In the high OA concentration it is likely that a hydrophobic domain of lysozyme enables a strong hydrophobic interaction between lysozyme and OA, which result in a partial unfolding of lysozyme structure. Our findings confirm that partially denaturation of lysozyme by oleic acid, inducing the cytotoxicity of OA+lysozyme. p<1 indicates that the egg lysozyme binding with OA is negative cooperativity and the OA binds preferentially to the partially unfolded intermediate forms of the lysozyme. The interaction is both enthalpy and entropy-driven but electrostatic interactions are more important than hydrophobic forces.
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